Bumble bees represent a taxon with an intermediate level of eusociality within Hymenoptera. The clear division of reproduction between a single founding queen and the largely sterile workers is characteristic for highly eusocial species, whereas the morphological similarity between the bumble bee queen and the workers is typical for more primitively eusocial hymenopterans. Also, unlike other highly eusocial hymenopterans, division of labour among worker sub-castes is plastic and not predetermined by morphology or age. We conducted a differential expression analysis based on RNA-seq data from 11 combinations of developmental stage and caste to investigate how a single genome can produce the distinct castes of queens, workers and males in the buff-tailed bumble bee Bombus terrestris. Based on expression patterns, we found males to be the most distinct of all adult castes (2,411 transcripts differentially expressed compared to non-reproductive workers). However, only relatively few transcripts were differentially expressed between males and workers during development (larvae: 71, pupae: 162). This indicates the need for more distinct expression patterns to control behaviour and physiology in adults compared to those required to create different morphologies. Among the female castes, the expression of over ten times more transcripts differed significantly between reproductive workers and their non-reproductive sisters than when comparing reproductive workers to the mother queen. This suggests a strong shift towards a more queen-like behaviour and physiology when a worker becomes fertile. This is in contrast to findings for higher eusocial species, in which reproductive workers are more similar to non-reproductive workers than the queen.
Introduction
In each library and within each sub-library (larva stages, pre-/pupae) all sampled individuals from the 130 particular colony were also equally represented in terms of estimated RNA quantity.
131
Sequencing & assembly
132
The 27 libraries were sequenced on one lane of an Illumina HiSeq 2000 system at the Edinburgh Genomics 133 facility of the University of Edinburgh. After quality control and raw read processing, the reads were 134 mapped to the B. terrestris transcriptome, BT transcriptome v2 (Colgan et al., 2011) , using bwa 0.6.1.
135
Only reads which mapped uniquely were considered for further analysis. Counts per transcript were 136 subsequently calculated for each library using custom scripts.
137

Differential expression analysis
138
The Blast2GO java program (Conesa et al., 2005) was used to annotate the transcriptome with gene 139 descriptions and Gene Ontology (GO) terms (blastx against the nr database with e < 0.001). Differential 
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A neighbor-joining tree was created based on expression differences between each of the 27 libraries.
143
The distance matrix for the tree was calculated with the DESeq package and contained euclidean distances 
148
Only transcripts with a total of at least 50 reads across all 27 libraries were considered for the differ- Gene function enrichment analyses (Fisher exact test) were carried out on DE transcripts with the
Results
Assembly
161
A total of 469.3 million 50 base pair, single-end reads were generated, ranging from 13.9 to 23.7 million 162 reads per library. The reads mapped to the Bombus terrestris transcriptome at an average of 85.27% 
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In the analysis W Au 9 clusters strongly with all reproductive workers and mother queens. W Au 8 and
180
W Au 11 form a distinct group, well separated from the reproductive workers and mother queens. For this 181 reason W Au 9 was considered reproductive and W Au 8 and W Au 11 were classed as non-reproductive for 182 all further analyses.
183
The patterns shown in the neighbour-joining tree ( fig. 1) The copyright holder for this preprint (which was . http://dx.doi.org/10.1101/012500 doi: bioRxiv preprint first posted online Dec. 10, 2014;  as yet unknown for Hymenoptera. However, the To gene family is known to be over expressed in adult
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Drosophila males, affecting courtship behavior (Dauwalder et al., 2002 Non-reproductive workers, on the other hand, were quite distinct from both mother queens (2,499 up-243 regulated in non-reproductive workers, 2,817 in mother queens) and, to a lesser extent, reproductive The copyright holder for this preprint (which was . http://dx.doi.org/10.1101/012500 doi: bioRxiv preprint first posted online Dec. 10, 2014;  plementary tables). A large number of transcripts were involved in protein synthesis activity: a total of 253 54 up-regulated gene transcripts contained the labels "transcription", "translation", "RNA polymerase",
254
"ribosomal", "ubiquitin", "helicase" or "ribonucleoprotein" (1. 132 (table 2) . These four transcripts appear to be involved in development and independent of 274 gender as they were up-regulated in all larvae and pupae samples compared to adults irrespective of caste 275 and gender ( fig. 9c ). One vitellogenin transcript (BTT00708 1) was significantly up-regulated in adults 276 compared to pupae and larvae but was down-regulated by reproductive workers (significantly compared 277 to male adults) and mother queens (significantly compared to non-reproductive workers and male adults; by Colgan et al. (2011) were also found in the present study, even though most of the highly, differentially 369 expressed transcripts themselves were not found in similar comparisons here. Any discrepancies can be a 370 result of, in contrast to our study, a lack of replication in the 2011 study or a difference in analysis struc- reproductive workers manage to develop ovaries despite the presence of such pheromones.
505
In each of the caste comparisons performed in this study large numbers of differentially expressed 506 transcripts either could not be associated with any known gene or were related to genes with so far 507 unknown function. These range from 1,636 to 2,609 (32.0% -54.4%) up-regulated transcripts when com-508
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The copyright holder for this preprint (which was . http://dx.doi.org/10.1101/012500 doi: bioRxiv preprint first posted online Dec. 10, 2014;  paring between developmental stages. The number of differentially expressed transcripts was much lower 509 between male and worker larvae (34 & 39) and pupae (128 & 34) , but still the majority of these transcripts 510 (58.7%) were of unknown function. 267 of the 791 fertility transcripts, i.e. up-regulated in reproductive 511 workers and mother queens compared to non-reproductive workers, belonged to uncharacterised genes, 512 while 465 and 526 transcripts in the comparison between non-reproductive workers and adult males were 513 of unknown function. Clearly, further research is required in these areas.
514
Conclusions
515
We conducted the first large scale RNA-seq analysis into caste differentiation within the genus Bombus, for 516 which eusociality can be considered intermediate between that found in primitively eusocial taxa such as 517 the paper wasp and highly eusocial species like the honey bee or most ants. As in other similar studies on 518 eusocial hymenopterans, a high number of genes were differentially expressed in all comparisons between 519 castes, genders and developmental stages. Significant overlaps with analyses on higher eusocial taxa 520 exist in terms of overall expression patterns as well as specific genes. One striking difference between B. . . . . CC-BY-NC 4.0 International license not peer-reviewed) is the author/funder. It is made available under a The copyright holder for this preprint (which was . http://dx.doi.org/10.1101/012500 doi: bioRxiv preprint first posted online Dec. 10, 2014;  Figure 8: The number of genes which are differentially expressed between female adult castes.
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